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1
CABLE HEAD MARINE SEISMIC SOURCE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Patent Application 62/078,2277 filed Nov. 11, 2014 entitled
CABLE HEAD MARINE SEISMIC SOURCE, the entirety

of which 1s incorporated by reference herein.

FIELD OF THE INVENTION

This disclosure relates generally to the field of geophysi-
cal prospecting for hydrocarbons and, more particularly, to
2D or 3D marine seismic surveying and processing of the
measured data. Specifically the disclosure relates to a
method for generating near-zero oflset traces by placing an
acoustic transmitter on one or more of the buoys that provide
flotation for the streamers and their umbilicals.

BACKGROUND

In many shallow water environments, the near-surface
geology 1s highly complex and the near-surface geology
contains significant horizontal inhomogeneities. The eflects
ol near-surface complexity and horizontal inhomogeneities
can be commonly observed in seismic data acquired in
shallow water, marine environments near river outlets and 1n
the Arctic. The near-surface complexity and lateral variabil-
ity 1n these areas introduce significant multiples and local
lateral velocity anomalies 1n the seismic data. This com-
plexity and lateral vanability degrade a seismic i1mage.
Energy contained in the multiples obscures deeper reflection
energy. Local lateral velocity anomalies defocus imaged
reflectors. To improve the seismic 1mage, the multiple gen-
crators need to be identified and local velocity variations
need to be characterized. For the seismic data to 1identity the
origins ol the multiple generators and sample the local
velocity variations, 1t needs to contain zero-oflset data and
near zero-ollset data (1.e. small-opening-angle data). Small-
opening-angle data provide the best timing estimates and the
least phase uncertainty for reflection data and for the asso-
ciated multiple events. Better timing estimates and reduced
phase uncertainty benefit inversion and demultiple algo-
rithms in shallow water environments by constraining the
solutions with pre-critical-angle reflection data. It will typi-
cally be suflicient 1f these small opening angle data are
obtained only from a near-surface portion of the subsurface.

FIG. 1 shows a plan view of a typical hardware layout
used for 3D marine acquisition. This hardware example uses
two source arrays 11, which will typically but not necessar-
ily be air guns, and eight seismic streamers 12 to create
sixteen tracks of seismic data with each pass of the vessel
over the survey area. Seismic sensor sets (not shown),
typically hydrophones, are spaced along the length of each
streamer. Each seismic streamer 1s connected to the vessel
via an umbilical 13 that provides power to the streamer and
telemetry signals to and from the seismic sensor sets.
Because of the need to pull the streamer through the water,
the umbilical 1s constructed of maternials capable of many
thousands of pounds of bollard pull. A consequence of the
umbilical’s strength 1s that 1t 1s very heavy and has a
significant in-water weight which 1s typically tens of kilo-
grams per meter. To support this heavy weight, a buoy
14—called a cable head buoy—is located at the head of each
streamer. The motion of the streamer umbilical and cable
head buoy 1s decoupled from the streamer by vibration
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1solation module(s) 15, which attenuate longitudinal travel-
ing energy. Because of the towing arrangement and the need
to attenuate longitudinal traveling energy, the distance
between the source and the nearest receiver 1s typically 100
m to 150 m for conventional marine, seismic data acquisi-
tion. For seismic data acquisition in water depths that are
large compared to the minimum source-receiver distance,
¢.g. greater than approximately 300 m, this minimum source
to recerver separation does not preclude the acquisition of
small-opening-angle data. In more shallow water depths,
however, virtually no data with small opening angles will be
acquired.

Other typical hardware features shown in FIG. 1 include
the cable tail buoys 16 and the air gun umbilicals 17. Typical
dimensions are 250 m from the navigation point 18 to the
center of the air gun array, then 125 m to the cable head
boys, then another 25 m to the center of the first group of
sensors (not shown), with the streamers being separated by
50 m spacing.

This deficiency in shallow marine data has been recog-
nized by the seismic industry for a long time. U.S. Pat. No.
3,744,021 to Todd describes a method for simultaneously
acquiring deep and shallow reflection data along a common
profile line. U.S. Pat. No. 8,467,264 to Keers describes the
use ol mini-streamers associated with the air gun sources to
acquire near-zero oilset data. U.S. Pat. No. 8,958,266, 1ssued
from Patent application publication 2010/0002539 by
Kragh, and U.S. Pat. No. 8,964,502, issued from Patent
application publication 2011/0063947 by Norris, describe
methods of extracting zero-oflset data from near-field hydro-
phones located within the air gun source array. All of these
methods for obtaining zero-oflset and near zero-oflset seis-
mic data define one or at most a few seismic profiles for each
pass of the seismic vessel over the survey area. In the cases
where a few seismic profiles are created, all of these seismic
profiles define tracks that are directly beneath the air gun
source arrays or tracks that are immediately adjacent to the
path of the air gun source arrays. The information generated
by these seismic profiles 1s usetul for improving 2D seismic
data but improvements to 3D data are limited by the sig-
nificant spacing of the tracks 1n a crossline direction. Typi-
cally for 3D seismic acquisition, this crossline spacing can
be from 400 m to 1000 m. In other words, when the tow
vessel in FIG. 1 turns and comes back along the next survey
line, the spacing between that sail line and the previous sail
line will typically be 400 m to 1000 m.

To improve 3D data using the near-surface information, a
high resolution, near-surface track of data needs to be
created for each seismic streamer for each pass of the
seismic vessel over the survey area. This need 1s spoken to
by U.S. Pat. No. 6,556,510 to Ambs. Ambs’s approach 1s to
place lightweight, energy eflicient acoustic energy sources
throughout a seismic receiver array. This approach 1s appli-
cable for the purposes of streamer location as described by
Ambs, U.S. Pat. No. 6,229,760, and Austad, U.S. Pat. No.
6,839,302, but acoustic sources that are capable of being
embedded within a streamer cable are inherently small, low
power sources and operate at frequencies well above the
typical seismic frequency band of 2 Hz to 150 Hz. Conse-
quently, the signals this type of acoustic source can generate
do not penetrate the earths subsurface or their depth of
penetration 1s limited to the first few centimeters of the
carth’s subsurface. This limit on the depth of penetration
does not provide the data needed to i1dentity the origins of
multiple generators or to characterize the local, subsurface
velocity variations. What 1s needed 1s an acquisition method
that penetrates into the first 300 m to 500 m of the earth’s
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subsurface and provides a high resolution 1mage of the
subsurface along the track of every streamer in the seismic

receiver spread.

SUMMARY

Placing a small, low power acoustic transmitter 41 at each
cable head buoy 14, see FIG. 5, 1n a marine seismic spread
allows high resolution, near-surface, common shot gathers
to be acquired along the tow-track of each seismic streamer.
Because depth of penetration 1s highly dependent on the
bottom and subsurface conditions, it 1s difficult to state a
penetration requirement such as 300 m to 500 m 1n terms of
source strength, but a reasonable expectation 1s that a source
for near-surface imaging would need a peak pressure of 300
to 500 mallibars for a frequency band from 10 Hz to 2000
Hz. A small air gun, 20 to 40 c1, will have a peak pressure
in the range of a few bars over this frequency range, and thus
would easily meet these power specifications. However, to
place an air gun at each cable head buoy would require
transmitting high pressure air, ~2000 ps1, over very long
distances, typically 600 m or more, which would be diflicult
to do.

Besides an air gun, possible sources for the present
invention are electrical devices, for example a sparker,
boomer, or piezoelectric stack, or chemical devices such as
explosives. Sparkers do not have stable source signatures for
more than a few thousand shots. Boomers lack low-ire-
quency content. Piezoelectric stacks would require a very
significant voltage to create a signal with suflicient subsur-
face penetration. Explosives have significant handling and
safety 1ssues. A currently preferred source for the present
invention 1s the Falmouth Bubble Gun, which 1s a pair of
clectromagnet plates with an air spring between the plates.
The electromagnets are energized to compress the air spring,
and then the current 1s removed and the spring expands the
plates outward. Internally 1t runs on DC power.

The common shot gathers may be generated at a shot
interval that 1s equal to or shorter than the shot interval used
for the seismic air gun arrays. An example of such a high
resolution, near-surface, common shot gather 1s shown in
FIG. 2. Unlike the previous methods of acquiring zero-oilset
and near zero-oflset data, 1.e. Todd, Kerr, Kragh and Norris,
acquiring seismic data with the conventional air gun arrays
and with a Cable Head Source 41 at the head of each seismic
cable 12 allows the collection of near-surface data at a
relatively fine crossline spatial interval (1.e. typically 50 m).
Additionally the tracks of the near-surface data closely
tollow the tracks associated with the conventional seismic
data generated by each streamer and the air gun arrays.
Unlike Ambs’s implementation, the acoustic transmitter
may have suflicient power and frequency content to pen-
etrate several hundred meters into the earth’s subsurface as
1s 1llustrated by the common shot gather shown in FIG. 2,
which are actual test data from the present invention. The
source used was Falmouth Scientific’s Low Frequency
Bubble Gun. The sensors were vertical accelerometers on
the surface of the ground. The accelerometers started at the
edge of the test pond and went 1n a straight line away from
the pond.

The cable head buoy 1s designed to support thousands of
pounds of weight which allows an acoustic transmitter to be
large enough to generate low Irequency, 20 to 100 Hz,
energy. An acoustic transmitter capable of penetration sev-
eral hundred meters 1nto the subsurface can be expected to
welgh several hundred pounds. Without adding additional
buoyance to a streamer cable, an in-cable acoustic transmit-
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ter such as Ambs used can only weigh a few pounds 1f its
weilght 1s to be supported by the streamer cable buoyancy.
Adding addition external buoyancy to a streamer cable
would allow a more powerful acoustic transmitter to be
placed 1n the streamer cable but the additional external
buoyance would also significantly increase the noise gener-
ated 1nto the sensor sets, as 1s evidenced by 1in-cable acoustic
transmitters currently sometimes used to locate the stream-
ers (1.e. for navigation purposes), which transmitters with
their associated buoyancy create very significant amounts of
noise 1nto their sensor sets.

As explained previously, near-surface zero-offset data for
cach streamer allows the seismic data to be processed more
accurately. Among the benefits of this are removal of mul-
tiple reflections from the seismic data, and generating sub-
surface models of velocity or other physical properties by
inverting the seismic data. Both of these techniques are
highly usetul in prospecting for hydrocarbon deposits.

In one embodiment, the invention 1s a method for acquir-
ing near zero-oilset seismic data in a marine streamer
seismic survey with at least one seismic source and one or
more streamers, each streamer attached to at least one buoy
to provide flotation, said method comprising: (a) placing an
acoustic transmitter at one buoy on at least one of the
streamers, wherein each acoustic transmitter transmits an
acoustic signal strong enough to penetrate beneath the water
bottom at least 300 m 1nto the subsurface; (b) firing the at
least one acoustic transmitter; and (c) obtaining near zero-
olilset data from one or more streamer sensors nearest the at
least one acoustic transmitter.

BRIEF DESCRIPTION OF THE DRAWINGS

The advantages of the present invention are better under-
stood by referring to the following detailed description and
the attached drawings, 1n which:

FIG. 1 1s a schematic plan view of the in-sea hardware
used for conventional 3D marine seismic data acquisition;

FIG. 2 1s a high resolution image of the very near surface
provided by data recording of responses to a cable head buoy
source deployed 1n a system of the present invention;

FIG. 3 1s a schematic cross-section view of 1n-sea hard-
ware used for conventional 3D, marine seismic data acqui-
sition;

FIG. 4 1s a schematic plan view of in-sea 3D, marine
seismic hardware using a Cable Head Source of the present
invention at the head of each streamer:

FIG. 5 1s a schematic cross-section view of 1n-sea marine
seismic hardware using a Cable Head Source of the present
invention;

FIG. 6 1s a schematic cross-section view of 1n-sea marine
seismic hardware using a Cable Head Source with an
integrated mini-seismic streamer cable; and

FIGS. 7TA-7C are flow charts showing basic steps in three
embodiments of the present mventive method for seismic
data acquisition using Cable Head Source(s) with conven-
tional marine seismic acquisition hardware (1.e. the hard-
ware shown 1n FIG. 1).

The mvention will be described in connection with
example embodiments. However, to the extent that the
following detailed description 1s specific to a particular
embodiment or a particular use of the invention, this is
intended to be 1llustrative only, and 1s not to be construed as
limiting the scope of the invention. On the contrary, it 1s
intended to cover all alternatives, modifications and equiva-
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lents that may be included within the scope of the invention,
as defined by the appended claims.

DETAILED DESCRIPTION

Once a cable head buoy and its umbilical are 1n the water
and part ol the seismic spread, it 1s diflicult and time
consuming to retrieve the cable head buoy and its associated
streamer. Consequently, an acoustic transmitter that 1s
placed at the cable head buoy needs to have a stable source
signature, be very reliable, be relatively small, have rela-
tively low power requirements and be electrically powered.
An acoustic transmitter that meets these requirements can be
powered with the electrical power supplied by the umbailical,
controlled with the telemetry paths inherent in the umbilical
and 1s capable of remaining i1n the water for the duration of
the seismic survey. Falmouth Scientific’s Bubble Gun 1s an
example of such an acoustic transmitter (internet domain
name: falmouth.com).

FIGS. 4 and S are schematic representations of the plan
and cross-section views of a hardware layout for 3D, marine,
seismic acquisition employing Cable Head Sources at the
head of each streamer. Although a 3D survey 1s shown for

purposes of 1llustration, the invention works equally well for
a 2D survey. In FIG. 5, the Cable Head Source 1s located
below the streamer. This location i1s convenient from an
operational and deployment standpoint. Alternatively, the
Cable Head Source can be located at any location where the
weight of the acoustic transmitter 1s supported by the cable
head buoy, 1.e. between the cable head buoy and the
streamer. To explain 1n more detail, normally there 1s a rope
or chain that 1s attached at one end to the bottom of the cable
head buoy, and the other end 1s attached to the streamer cable
where the streamer’s umbilical attaches to the streamer. For
operational reasons, 1t would be easier to attach the Cable
Head Source to the streamer so the Cable Head Source
would be physically suspended below the streamer. Alter-
nate deployments are possible, for example using two pieces
of chain or rope 1n the following manner The first chain or
rope extends from the bottom of the cable head buoy to the
Cable Head Source and the second chain or rope goes from
the bottom of the Cable Head Source to the streamer. In this
alternate deployment, the Cable Head Source 1s physically
located between the cable head buoy and the streamer.

The availability of suflicient buoyancy 1s an important
reason for placing the acoustic transmitter at the cable head
buoy. An acoustic transmitter used to penetrate several
hundred meters into the subsurface 1s inherently a relatively
large device and is inherently heavy. For example, the
alorementioned Bubble Gun weighs more than 300 pounds.
Consequently the acoustic transmitter needs to be placed at
a location 1n the streamer cable that provides suflicient
buoyance to support the acoustic transmitter and at a loca-
tion with suflicient vibration isolation to 1solate the sensor
sets 1n the streamer cable from the motion induced by the
acoustic transmitter. The vibration 1solation module(s) sit aft
of the connection point between the umbilical and the
streamer. There 1s a cable head connector that mechanically
and electrically connects the umbilical to the streamer. The
cable head connector 1s where the rope or chain from the
cable head buoy typically 1s mechanically attached to the
umbilical-streamer. Since the connection point 1s forward of
the vibration module, 1t does not matter whether the Cable
Head Source 1s attached above or below the streamer. Either
location mechanically 1solates the Cable Head Source from
the sensor sets 1n the streamer.
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Schematically, the Cable Head Source i1s shown being
powered and controlled via the streamer’s umbilical which
1s logistically and operationally the best option, but 1t 1s
possible to power and control a Cable Head Source with a
separate umbilical that 1s independent of the streamer’s
umbilical.

Some marine seismic acquisition systems provide single
sensors near the ftransition from the umbilical to the
streamer. These sensors are typically referred to as water-
break channels whose primary purpose 1s to locate the head
of the streamer. When a Cable Head Source 1s deployed at
the head of the cable, the waterbreak sensor(s) can be used
to acquire zero-ollset data and the sensor sets 1n the streamer
can be used to acquire near-oflset data. The zero-oflset data
provide the best timing estimates and the least phase uncer-
tainty for reflection events and the associated multiple
events. For near-offset data in shallow water, the errors
associated with event timing estimates and phase uncertainty
are mcreased with respect to the zero-oflset data but are still
significantly smaller than the corresponding errors associ-
ated with the air guns and the streamer data.

To 1mprove the quality of the near-oflset data, a mini-
streamer 61 can be associated with each Cable Head Source.
This configuration 1s shown 1n FIG. 6. In this configuration,
a Cable Head Source provides zero-offset data and near
zero-ollset data. The near zero-oflset data allows for signal-
to-noise improvement via well-known seismic data process-
ing techniques and also provides information about the
near-surface velocity structure. Having the length of the
mini-streamer be two to three times the distance between the
Cable Head Source and the first active streamer sensor set
allows a direct tie to be made between the mini-streamer
data and the data from the associated seismic streamer.

In the foregoing description, the Cable Head Source 1s
located at the streamer head. From an operational and
logistical standpoint, the head of each streamer 1s the opti-
mal location because of the availability of additional elec-
trical power, the vibration 1solation provided for the sensor
sets 1n the streamer and the buoyance provided by the cable
head buoy. With the addition of suilicient additional buoy-
ance, power and vibration i1solation for the streamer sensor
sets, a Cable Head Source could be located at the tail buoy
that 1s typically associated with each streamer.

During the acquisition of seismic data, the Cable Head
Source(s) can be operated 1n many ways. Three example
embodiments of the invention are presented in FIGS.
7A-7C. The difference between the embodiments 1s in the
firing of the Cable Head Sources, as shown 1n steps 71, 72
and 73. In the embodiment of FIG. 7A, the Cable Head
Sources (one for each streamer) are fired sequentially with
a predetermined time delay between the firing of successive
Cable Head Sources. The predetermined delay time might be
based on the expected depth of penetration with typical
record durations of 200 to 300 milliseconds. Embodiment
7B reduces the total time required to fire all of the Cable
Head Sources by firing two or more Cable Head Sources
simultaneously. An example of this patterned firing would be
to fire the Cable Head Sources for streamers 1 and 5, then
for streamers 2 and 6, then for streamers 3 and 7 and finally
for streamers 4 and 8. This pattern would reduce the total
time required for the Cable Head Sources to be fired to half
the time needed by embodiment 7A. Interference between
the individual Cable Head Sources would be minimized due
to the limited duration of the seismic records associated with
the Cable Head Sources and the crossline spacing between
the Cable Head Sources that are being fired simultaneously.
In appropriate geologic settings, embodiment 7C could be




US 9,864,081 B2

7

used. In this mode, all of the Cable Head Sources are fired
simultaneously and the individual records separated based
on apparent moveout.

Firing the Cable Head Sources before the air gun array(s)
are fired 1s not essential but may be advantageous because
the weak Cable Head Sources will then be fired when the
residual energy from the previous air gun shot 1s small. The
Cable Head Sources could be fired at the end of the seismic
record for the air gun sources, but doing so would increase
the effective noise floor of the Cable Head Source records.
This increase 1n the noise level would limit the depth of
penetration realized by the Cable Head Sources.

Since the near-surface geology that 1s sampled by the
Cable Head sources 1s expected to have greater lateral
variability than the geology at the reservoir level, there 1s
potential value 1n firing the Cable Head Sources at a higher
rate than the firing rate used for the air gun source arrays. As
with the previously noted option of firing the Cable Head
Sources at the end of the seismic record, firing the Cable
Head Sources at a higher rate than the air gun source arrays
are fired would 1ncrease the noise level. The increased noise
level can potentially be mitigated by applying well known
geophysical signal process algorithms that enhance signal to
noise by exploiting the differences in the pulse shape,
frequency content and move-out characteristics of the air
gun sources and the Cable Head Sources. The Cable Head
Source shooting patterns detailed mm FIGS. 7A, 7B and 7C
would be applicable to firing the individual Cable Head
Sources at a higher rate than the firing rate used for the air
gun sources.

The {foregoing description 1s directed to particular
embodiments of the present mvention for the purpose of
illustrating 1t. It will be apparent, however, to one skilled 1n
the art, that many modifications and variations to the
embodiments described herein are possible. All such modi-
fications and variations are mtended to be within the scope
of the present invention, as defined by the appended claims.

The 1nvention claimed 1s:

1. A method for acquiring near zero-oilset seismic data
said method comprising;:

towing a seismic source array and a plurality of streamers

in a 3D survey configuration,

wherein the plurality of streamers are towed separately

from the seismic source array, the 3D survey configu-
ration 1ncludes a plurality of acoustic transmitters, a
separate acoustic transmitter, relative to the seismic
source array, of the plurality of acoustic transmitters, 1s
suspended below a head or tail of each of the plurality
of streamers, and each of the plurality of streamers and
the acoustic transmitter corresponding thereto are sus-
pended from a buoy;

firing at least one of the plurality of acoustic transmitters,

wherein the firing causes an acoustic signal to penetrate
beneath the water bottom at least 300 m 1nto earth’s
subsurface; and

obtaining the near zero-oilset seismic data from one or

more streamer sensors nearest the at least one of the
plurality of acoustic transmitters, wherein the streamer
sensors record a reflection of the acoustic signal from
a structure in the earth’s subsurface.

2. The method of claim 1, wherein said buoy 1s a head
buoy that provides flotation where a streamer of the plurality
ol streamers connects to a tow umbilical.

3. The method of claim 2, wherein said head buoy has
flotation suthicient for the weight of the tow umbilical, the
streamer ol the plurality of streamers, and the acoustic
transmitter suspended therefrom.
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4. The method of claim 2, further comprising providing
clectrical power and signal connections to the head buoy via
the tow umbilical.

5. The method of claim 2, wherein each of the plurality of
streamers includes a plurality of seismic sensor groups
located sequentially along each of the plurality of streamers,
and the method further comprises recording reflected data
with a sensor group nearest the tow umbilical that 1s laterally
no more than 50 m from the at least one of the plurality of
acoustic transmitters and head buoy.

6. The method of claim 5, further comprising recording
data with a streamer of seismic sensors that are attached to
at least one of the plurality of acoustic transmitters to obtain
even nearer-oifset data than 1s provided by said sensor group
nearest the umbailical.

7. The method of claim 1, further comprising firing the
seismic source array at a predetermined time interval after
completion of the firing of at least one of the plurality of
acoustic transmitters.

8. The method of claim 7, further comprising firing at
least two acoustic transmitters of the plurality of acoustic
transmitters sequentially.

9. The method of claim 7, wherein the 3D survey con-
figuration has at least four streamers, at least four of which
have an acoustic transmitter of the plurality of acoustic
transmitters, and the method further comprising firing the at
least four acoustic transmitters sequentially in groupings of
N at a time, where integer N>1.

10. The method of claim 7, further comprising firing at
least two acoustic transmitters of the plurality of acoustic
transmitters simultaneously.

11. The method of claim 1, wherein the firing of the at
least one of the plurality of acoustic transmitters, paired with
a {iring of the seismic source array, occurs repeatedly while
being towed along a selected source line.

12. The method of claim 11, wherein the seismic source
array 1s fired no more than 500 ms after the firing of the at
least one of the plurality of acoustic transmitters 15 com-
pleted.

13. The method of claim 1, wherein said buoy comprises
a head buoy attached to a near end of at least one of the
plurality of streamers and a tail buoy attached to a far end of
the at least one of the plurality of streamers, and the at least
one of the plurality of acoustic transmitters 1s disposed at the
tail buoy.

14. The method of claim 1, further comprising recording
data with waterbreak sensors attached to each of the stream-
ers where each of the streamers connects to a tow umbilical,
and generating zero-oifset imnformation from data recorded
by the waterbreak sensors.

15. A marine seismic surveying system comprising:

a seismic source array with a first umbilical cable for

towing and electrical connections;

a plurality of streamers with a second umbilical cable for
towing and electrical connections, the plurality of
streamers including seismic sensors distributed along a
length of each of the plurality of streamers, wherein the
seismic sensors are configured to record a reflection of
an acoustic signal from a subsurface structure, and the
plurality of streamers are configured for a 3D survey;

a plurality buoys, one for each of the plurality of stream-
ers, that provide flotation for the plurality of streamers
and the second umbilical; and

a plurality of acoustic transmitters, wherein a separate
acoustic transmitter, relative to the seismic source
array, of the plurality of acoustic transmitters, 1s con-
figured to be suspended below a head or tail of each of
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the plurality of streamers, and each of the plurality of
streamers and the acoustic transmitter corresponding
thereto are configured to be suspended from a buoy of
the plurality of buoys, wherein each of the plurality of
acoustic transmitters are configured to emit an acoustic 5
signal that penetrates beneath a water bottom at least
300 m to earth’s subsurface and reflects back to the
Se1sSmic Sensors,

wherein, 1 operation, a lateral distance between the
seismic source array and a closer end of any streamer 10
1s greater than a lateral distance between any buoy and
a closer end of 1ts corresponding streamer.

16. The system of claim 15, wherein the lateral distance
between the seismic source array and a closer end of any
streamer 1s at least five times greater than the lateral distance 15
between any buoy and a closer end of its corresponding
streamer.

17. The system of claim 15, wherein the acoustic trans-
mitters each weight less than 1,000 lbs.

18. The system of claim 15, wherein each of the plurality 20
of the acoustic transmitters transmits an acoustic signal with

a peak amplitude greater than 300 millibars 1n a frequency
band from 10 to 2000 Hz.

% ex *H & o

10



	Front Page
	Drawings
	Specification
	Claims

